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Objective: The purpose of this study is to evaluate a surgical strategy for pilon fractures based on ankle
position/initial direction of fracture displacement at the time of injury.
Methods: Sixty-nine patients were categorized into groups based on ankle position at the time of the
injury: Group I (varus), Group II (valgus), Group III (dorsiﬂexion), Group IV (plantarﬂexion), and Group V
(neutral). The American Orthopedic Foot and Ankle Society (AOFAS) score was determined at 12 months.
Results: More than 90% of participants in Groups IeIV as well as 57.2% of participants in Group V had
anatomic/good fracture reduction, respectively. Fracture healing/union was signiﬁcantly slower in Group
V vs Groups I, III, and IV, and in Group II vs Group IV (P < 0.005). AOFAS scores were signiﬁcantly higher
(P < 0.005) in Groups III (96.0, IQR: 90.0e96.0) and IV (95.0, IQR: 90.0e100.0) vs Groups II (86.9, IQR:
75.0e90.0) and V (83.0, IQR: 73.0e86.0). Wound breakdown was the most common complication
(n ¼ 11).
Conclusions: Determining the surgical strategy for managing pilon fractures based on ankle position at
the time of the injury/initial direction of fracture displacement may be effective.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Highlights
What is already known on this topic?
Surgical management of pilon fractures are known to make
reconstruction of the fibula and articular surface of tibia,
restoration of the joint’s mechanical axes, and stabilization
of the tibia.
What this study adds?
A surgical strategy based on position of the ankle at the time
of injury.
1. Introduction
Pilon fractures are relatively rare, comprising approximately 1%
of all lower extremity fractures and 5e10% of tibial fractures [1e4].by Elsevier Ltd. All rights reservedThese types of fractures can be challenging to treat; hence, deter-
mining the best means of surgical management for each patient is
critical for optimizing clinical outcomes.
The keys to surgical management of pilon fractures are recon-
struction of the ﬁbula and articular surface of tibia, restoration of
the joint’s mechanical axes, and stabilization of the tibia to help
facilitate early postoperative movement [3e5]. Classiﬁcation of
pilon fractures is an important part of surgical planning. Several
classiﬁcation systems exist, of which the Arbeitgemeinschaft fur
Osteosynthesefragen (AO)/Orthopedic Trauma Association (OTA)
and Ruedi-Allgower systems are commonly used [2,6]. With the
AO/OTA scheme, fractures are classiﬁed on the degree of articular
involvement and comminution and impaction in the metaphysis
and epiphysis [7]. RuedieAllgower classiﬁcation divides fractures
by the extent of displacement, comminution, and impaction of the
fracture fragments [8]. More recently, Topliss et al. described two
fracture families based on orientation of the major fracture lines
(sagittal and coronal), and suggested that orientation of the major
fracture line has important implications for ﬁxation [9].
In our practice, we have observed that pilon fractures appear to
have certain characteristics depending on orientation of the ankle
at the time of injury (ie, varus, valgus, dorsiﬂexion, plantarﬂexion,.
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be determined by the position of the ankle (and hence the initial
direction of fracture displacement) at the time of injury, and that
such a strategy may minimize soft tissue complications and facili-
tate reconstruction of the articular surface of the tibia. Herein, we
report the results of a prospective study designed to test this
hypothesis.
2. Patients and methods
2.1. Patients
Patients who sustained pilon fractures were invited to partici-
pate in this prospective study, which took place between June 2008
and June 2012 at a Level 1 trauma center. All participants provided
written informed consent. The study was approved by the Ethics
Committee of our Hospital.
Patients were eligible for inclusion if they were aged >18 years
and had pilon fractures suitable for treatment via open reduction
and internal ﬁxation (ORIF) or limited internal ﬁxation with
external ﬁxation. Patients were excluded if they had: compartment
syndrome; undergone amputation before fracture management;
concomitant injuries to the brain, chest, and/or abdomen; a history
of peripheral angiopathy and/or arthritis in the injured leg; un-
controlled diabetes (i.e., poorly controlled blood glucoseFig. 1. Radiographs and photographs of a 22-year old male who experienced a pilon fracture
used: The medial part of articular surface was reduced and a buttress plate was placed on
plications (hek).concentrations and/or diabetes-related complications); or patho-
logic fracture.
Participants were grouped according to ankle position at the
time of the injury/initial direction of fracture displacement
(determined by X-ray and/or computed tomography). Ankle posi-
tion at the time of injury was determined according to: the patient’s
description of posture at the time of injury and the direction of fall;
and the initial imaging ﬁndings, showing the direction of fracture
displacement and tilting of the articular surface. For Group I (varus),
the ankle was in a varus position at the time of injury (i.e., the axial
force was medially deviated), the medial part of distal tibial artic-
ular surface was compressed, and the major fracture fragments
were located in the medial aspect, with or without medial talus tilt.
For Group II (valgus), the ankle was in a valgus position at the time
of injury, the lateral part of distal tibial articular surface was com-
pressed, and the major fracture fragments were located in lateral
aspect, with or without lateral talus tilt. For Group III (dorsiﬂexion),
the ankle was in dorsiﬂexion at the time of injury, the anterior part
of distal tibial articular was damaged, and the major fracture
fragments were located in the anterior aspect. This type of injury is
commonly due to jumping from a height with knee ﬂexion and
dorsal ﬂexion of the ankle. For Group IV (plantarﬂexion), the ankle
was in plantarﬂexion at the time of injury, the posterior part of
distal tibial articular surface was damaged, and the major fracture
fragments were located in the posterior aspect. This type of injury is(AO/OTA type C2) caused by varus injury (aed). An anteromedial surgical approach was
the medial aspect of distal tibia (eeg). The fracture successfully healed without com-
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brunt of impact. For Group V (neutral), the ankle was in a neutral
position at the time of injury, the full ankle articular and meta-
physeal surface were compressed and impacted, and the talus had
no obvious tilt or shift. This type of injury is uncommon, but may
occur, for instance, following a fall into a hole.
Age, sex, smoking status, cause of injury, RüedieAllgöwer pilon
fracture classiﬁcation [5], AO/OTA pilon fracture classiﬁcation [7],
Denis-Weber classiﬁcation of associated ﬁbular fractures [10],
associated injuries, time to operative treatment, and interventions
were recorded.
2.2. Surgery
The timing of surgerywas determined according to occurrence of
theWrinkle sign. If skin blisters were apparent, surgery was delayed
until therewas re-epithelialization, and the subsequent incisionwas
made as far away from the damaged skin as possible. During the
time between injury and surgery, treatment (eg, cold therapy, ul-
trashort wave therapy) was given to help reduce swelling.
For surgery, participants were placed in supine or ﬂoating
position on a radiolucent operating table and a pneumatic tourni-
quet was placed. All participants were operated on by the same,
experienced surgeon. The surgical approaches described below
were selected in accordance with previous recommendations
[4,11,12].
In Group I, for AO/OTA Type B fractures, an anteromedial
approach was used. The medial part of the articular surface wasFig. 2. Radiographs and photographs of a 49-year old male who experienced a pilon fracture
used: the ﬁbular fracture was reduced and ﬁxed, then, an anterior approach was used for pla
successfully healed with early minor wound complications (hek).reduced and a buttress plate was placed on the medial aspect of the
distal tibia. The lateral part of the joint surface was used as the
reference for reduction. For AO/OTA Type C fractures, a postero-
lateral approach was used to reduce ﬁbular fractures. The Volk-
mann and TillauxeChaput fragments were used as the reference for
reduction. The major plate (3.5 mm locking compression) was
placed on the medial aspect. For comminuted fractures, additional
small plates were placed on the anterior and/or posterior aspect of
the distal tibia (Fig. 1).
In group II, for AO/OTA Type B fractures, an anterolateral
approach was used. The medial part of the articular surface was
used as the reference for reduction and the major plate was placed
on the anterolateral aspect of distal tibia. For AO/OTA Type C frac-
tures, a posterolateral approach was used. The ﬁbular fracture was
reduced and ﬁxed. The Volkmann fragment was then reduced and
ﬁxed. Thereafter an anterolateral or anterior approach was used.
The Volkmann and TillauxeChaput fragments were used as the
reference for reduction. The major plate was placed on the ante-
rolateral aspect of the distal tibia. For comminuted fractures,
additional small plates were placed on the medial and/or posterior
aspect of the distal tibia. External ﬁxation combined with limited
internal ﬁxation was applied for open fractures (Fig. 2).
In group III, an anterior approach was used. The posterior part of
the articular surfacewas used as the reference for reduction and the
major plate was on placed anterior or anterolateral aspect of the
distal tibia (Fig. 3).
In Group IV, a posterolateral approach was used. The ﬁbular
fracture was reduced and ﬁxed. The posterior malleolus was(AO/OTA type C3) caused by valgus injury (aed). A posterolateral surgical approach was
cement of a major plate on the anterolateral aspect of the distal tibia (eeg). The fracture
Fig. 3. Radiographs and photographs of a 43-year old male who experienced a pilon fracture (AO/OTA type B3) caused by dorsiﬂexion injury (aed). An anterior surgical approach
was used: the posterior part of the articular surface was used for model in reduction and a plate was placed on the anterolateral aspect (eeg). The fracture successfully healed
without complications (hek).
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was placed. If the posterior malleolus fracture involved the medial
malleolus, a posteromedial incision was used (Fig. 4).
In group V, if the soft tissue was intact, a combined approach
was typically used. Fibular length was ﬁrstly restored. The Tillauxe
Chaput and Volkmann fragments were used as the reference for
reduction, with plate’s ﬁxation. External ﬁxation combined with
limited internal ﬁxation was applied for open fractures (Fig. 5).
2.3. Postoperative management/assessments
Participants received lowmolecular weight heparin for 6 weeks.
Early mobilization of the ankle joint commenced four weeks after
surgery; however, participants were advised to avoid full weight
bearing until fracture union.
Follow up X-ray examinationswere performed at 3 and 6months
after surgery toassess fractureunion,whichwasdeﬁnedasabridging
callus across 3 of 4 cortices on orthogonal radiographs [13]. If the
X-ray results were uncertain, additional computed tomographic
scans were performed. If fracture union was not apparent after 6
months, physical therapy was initiated. If fracture union was not
subsequently apparent after 8 months, bone grafting was initiated.
The quality of fracture reduction was assessed after surgery as
anatomic, good, fair, or poor using a Pacs workstation according to
the TeenyeWiss radiologic scoring system [14].Time to fracture unionwas recorded for each participant and the
American Orthopedic Foot and Ankle Society (AOFAS) score was
determined at 12 months. Postoperative complications were
recorded, including superﬁcial infection, deep infection, delayed
union, and nonunion. Delayed union and nonunionwere deﬁned as
a lack of radiographic union at a minimum of 8-months follow-up
or the requirement for secondary bone grafting to achieve union.
2.4. Statistical analysis
Continuous variables are presented as median (interquartile
range [IQR]) and were compared by KruskaleWallis test. Categor-
ical variables are presented as count (percentage) and were
compared by Chi-square test or Fisher’s exact test. When a signif-
icant between groups difference was apparent, multiple compari-
sons were performed using the Bonferroni procedure, with type I
error adjustment. Statistical analyses were performed using SAS
software version 9.2 (SAS Institute Inc., Cary, NC). A two-sided P
value <0.05 was considered statistically signiﬁcant.
3. Results
Of the 89 patients included, 20 were excluded due to loss to
follow-up (n ¼ 17) or death (n ¼ 3). Median follow-up was 18
months (IQR: 12e24 months). The participants’ demographic and
Fig. 4. Radiographs and photographs of a 23-year old female who experienced a pilon fracture (AO/OTA type B1) caused by plantarﬂexion injury (aed). An anterolateral surgical
approach was used: the ﬁbular fracture was reduced and ﬁxed, then a posteromedial approach was used and a major plate was placed on the posterior aspect of the distal tibia (ee
g). The fracture successfully healed without complications (hek).
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niﬁcant differences among ﬁve groups in Tscherne, RuedieAll-
gower, Fibular fracture, AO/OTA, and Denis-Weber classiﬁcation (all
P < 0.001). The details for the results of distribution of between
groups inmultiple comparisons were displayed in Table 1. Note: the
one patient with an AO/OTA Type C fracture in Group III had a
posterior fracture fragment that was not signiﬁcantly displaced;
hence, the posterior part of the articular surface could still be used
as the reference for reduction.
The study outcomes are summarized in Table 2. There were
signiﬁcant between group differences in ﬁxation method, fracture
reduction, fracture union, and 12 month AOFAS scores (all
P  0.023). All participants in Groups I, II, and IV underwent plate
and screw (PS) ﬁxation, whereas participants in Groups II and V
underwent a mixture of PS and external ﬁxation. More than 90% of
participants in Groups IeIV had anatomic/good fracture reduction,
whereas only 57.2% of participants in Group V had anatomic/good
fracture reduction. For ﬁxation method and fracture reduction,
there were no signiﬁcant between differences detected on multiple
comparisons. Fracture healing/union was signiﬁcantly slower in
Group V vs Groups I, III, and IV, and in Group II vs Group IV (all
P< 0.005). AOFAS scores were signiﬁcantly higher in Groups III and
IV vs Groups II and V (all P < 0.005).
Postoperative complications are summarized in Table 3. Wound
breakdown was the most common complication (n ¼ 11), followedby ﬂap coverage (n ¼ 6), including saphenous neurocutaneous
(n ¼ 3), sural nerve nutritional vessel axial (n ¼ 2), and local rota-
tional (n ¼ 1) ﬂaps. There was a signiﬁcant difference among the
groups in the frequency of complications (P < 0.001): 2/17 (11.8%)
in Group I, 9/15 (60.0%) in Group II, 0 in Group III, 3/12 (25.0%) in
Group IV, and 9/14 (64.3%) in Group V.
There were no instances of loss of fracture reduction over time.
4. Discussion
In this prospective study, we examined use of a surgical strategy
for managing pilon fractures based on ankle position at the time of
the injury/initial direction of fracture displacement. Application of
this strategy was associated with relatively few postoperative
complications, a high level of anatomic/good fracture reduction,
and AOFAS scores 83.0 at 12 months.
Various surgical approaches and means of ﬁxation have been
described concerning themanagement of pilon fractures [2,15]. The
classic anteromedial approach offers excellent access for medial/
anterior hardware application, but does not provide direct access to
the TillauxeChaput fragment [16,17]. In contrast, an anterolateral
approach to the tibial plafond allows direct access to the Tillauxe
Chaput fragment, but provides suboptimal access to themedial side
[18,19]. A direct anterior approach can provide access to both the
anteromedial and the anterolateral fragments of the distal tibia
Fig. 5. Radiographs and photographs of a 39-year old male who experienced an open pilon fracture (AO/OTA type C3, Gustilo type II) caused by neutral injury (aed). External
ﬁxation combined with limited internal ﬁxation was performed (eeh). The fracture successfully healed by the 10th after surgery without soft tissue complications (iel).
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required. However, direct articular surface reduction is not possible
and this approach relies on cortical reduction and ﬂuoroscopic
assistance [21,22]. One of the beneﬁts of using a posterolateral
incision is the ease of rebuilding the Volkmann fragment, especially
in the absence of signiﬁcant impaction and/or rotation [21,23]. The
posteromedial approach can help facilitate management in cases
involving tendon or neurovascular bundle entrapment. The incision
lies at the midpoint between the medial malleolus and the post-
eromedial aspect of the Achilles tendon [24]. Typically, much of the
posterior aspect of the distal tibia can be accessed by selecting an
area that requires more direct manipulation. However, there is no
single approach applicable to all types of pilon fractures. The
approach should be determined based on the fracture pattern and
location of the greatest displacement on preoperative imaging.
Likewise, there is no single means of ﬁxation appropriate for all
pilon fractures. Topliss and colleagues noted that many coronal
fractures require anterior to posterior-directed lag screws for sta-
bilization, while sagittal fractures require medial-to-lateral lag
screws [9]. We suggest that successful management of pilon frac-
tures should be based on position of the ankle at the time of injury/
the initial direction of fracture displacement. To avoid hardware
failure, we suggest that the major plate should be placed in a po-
sition to resist the forces that occurred on injury.
As already noted, participants in our study were separated into
ﬁve distinct groups based on ankle position at the time of injury/
initial direction of fracture displacement. The choice of surgical
approach and positioning of the major plate was based on the
location of the main fracture fragments and the major fracture line.Local soft tissue conditions were also considered. Plates are
generally used for buttressing against the deformity in a biome-
chanically advantageous manner. For comminuted high-energy
(Type C) fractures, low-proﬁle implants, such as small fragment
plates, one-third tubular plates, and the newer pilon plates should
be applied, in combination with locking plates for patients with
poor bone quality [25,26]. We believe the results of our study (low
rates of complication and high quality reductions in a large pro-
portion of participants) support use of the surgical approach
described herein.
Most authors agree that open reduction and internal ﬁxation
(ORIF) for management of low energy pilon fractures yields good
results [5,27e29]. Optimal treatment of the more complex higher-
energy pilon fractures remains controversial because of the po-
tential for serious complications. Barei and colleagues reported that
the presence of a ﬁbular fracture provides clues about the mecha-
nism of injury and fracture pattern [30]. In the present study,
complications were most common in Groups II (valgus) and V
(neutral). Most participants in these groups had associated ipsi-
lateral ﬁbular fractures andWeber Type C fractures with signiﬁcant
displacement, and all had AO/OTA Type C fractures. The higher rate
of complications among these participants is clearly a reﬂection of
the fact that most fractures were complex and involved signiﬁcant
soft tissue damage.
Although damage to the cartilage, which occurs at the time of
injury, is a signiﬁcant mediator of clinical outcome [31,32], themost
important factors affecting clinical outcome are anatomic joint
reconstruction and rigid internal ﬁxation with early motion
[16,32e35]. Achieving these goals can be challenging in cases
Table 1
Demographic and clinical characteristics of participants.
Group I (n ¼ 17) Group II (n ¼ 15) Group III (n ¼ 11) Group IV (n ¼ 12) Group V (n ¼ 14) P value
Age (years) 42.0 (30.0, 49.0) 48.0 (38.0, 52.0) 35.0 (25.0, 42.0) 43.0 (40.5, 54.5) 41.0 (39.0, 51.0) 0.112
Sex 0.048b
Female 4 (23.5) 4 (26.7) 2 (18.2) 8 (66.7) 2 (14.3)
Male 13 (76.5) 11 (73.3) 9 (81.8) 4 (33.3) 12 (85.7)
Smoker 8 (47.1) 7 (46.7) 4 (36.4) 2 (16.7) 7 (50.0) 0.410
Follow-up time (months) 12.0 (12.0, 18.0) 18.0 (12.0, 24.0) 18.0 (12.0, 24.0) 15.0 (12.0, 21.0) 18.0 (12.0, 24.0) 0.864
Cause of injury 0.738
Fall from height 14 (82.4) 13 (86.7) 11 (100.0) 9 (75.0) 12 (85.7)
Motor vehicle accident 2 (11.8) 1 (6.7) 0 (0.0) 3 (25.0) 1 (7.1)
Work place 1 (5.9) 1 (6.7) 0 (0.0) 0 (0.0) 1 (7.1)
Tscherne classiﬁcation <0.001b
0 1 (5.9) 0 (0.0) 2 (18.2) 6 (50.0)d 0 (0.0)c,e,f
1 15 (88.2) 11 (73.3) 9 (81.8) 6 (50.0) 5 (35.7)
2 1 (5.9) 4 (26.7) 0 (0.0) 0 (0.0) 9 (64.3)
RuedieAllgower classiﬁcation <0.001b
II 9 (52.9) 8 (53.3) 11 (100.0) 10 (83.3) 0 (0.0)c,d,e
III 8 (47.1) 7 (46.7) 0 (0.0) 2 (16.7) 14 (100.0)
AO/OTA classiﬁcation <0.001b
B 6 (35.3) 0 (0.0) 10 (90.9)d 12 (100.0)c,d 0 (0.0)d,e,f
C 11 (64.7) 15 (100.0) 1 (9.1) 0 (0.0) 14 (100.0)
Fibular fracture <0.001b
No 5 (29.4) 0 (0.0) 9 (81.8)d 1 (8.3)e 1 (7.1)e
Yes 12 (70.6) 15 (100.0) 2 (18.2) 11 (91.7) 13 (92.9)
DaniseWeber classiﬁcationa <0.001b
A 5 (41.7) 0 (0.0) 1 (50.0) 0 (0.0)c,d 0 (0.0)f
B 3 (25.0) 2 (13.3) 1 (50.0) 10 (90.9) 2 (15.4)
C 4 (33.3) 13 (86.7) 0 (0.0) 1 (9.1) 11 (84.6)
Associated injury 4 (23.5) 2 (13.3) 2 (18.2) 0 (0.0) 6 (42.9) 0.093
OTA, Orthopedic Trauma Association fracture classiﬁcation.
Continuous variables are presented as median (interquartile range) and were compared by KruskaleWallis test, whereas categorical variables are presented as count (per-
centage) and were compared by chi-square test or Fisher’s exact test.
a For patients with ﬁbular fractures.
b Indicates a signiﬁcant difference among the ﬁve groups.
c Indicates signiﬁcantly different from Group I.
d Indicates signiﬁcantly different from Group II.
e Indicates signiﬁcantly different from Group III.
f Indicates signiﬁcantly different from Group IV.
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comminution involving the articular surface and the, typically, se-
vere soft tissue injury. In this study, high quality reduction
(anatomic or good) was apparent in a large proportion (>90%) of
participants in Groups IeIV. Unsurprisingly, fewer participants in
Group V, which included a large number participants with severe
soft tissue injury, achieved high quality of reduction. In keepingTable 2
Summary of outcomes for participants in the different groups.
Group I (n ¼ 17) Group II (n ¼ 15)
Time from injury to surgery (days) 11.0 (8.0, 14.0) 12.0 (7.0, 14.0)
Fixation method
PS 17 (100.0) 12 (80.0)
EF 0 (0.0) 3 (20.0)
Fracture reduction
Anatomic 9 (52.9) 6 (40.0)
Good 7 (41.2) 8 (53.3)
Fair 1 (5.9) 1 (6.7)
Poor 0 (0.0) 0 (0.0)
Fracture union (months) 4.0 (3.0, 4.0) 4.0 (4.0, 5.0)
AOFAS score (at 12 months) 86.0 (86.0, 95.0) 86.0 (75.0, 90.0)
AOFAS, American Orthopedic Foot and Ankle Society; EF, external ﬁxation; PS, plate and
Continuous variables are presented as median (interquartile range) and were compared
centage) and were compared by Fisher’s exact test.
a Indicates a signiﬁcant difference among the ﬁve groups.
b Indicates signiﬁcantly different from Group I.
c Indicates signiﬁcantly different from Group II.
d Indicates signiﬁcantly different from Group III.
e Indicates signiﬁcantly different from Group IV.with these results, AOFAS scores were also high in Groups IeIV and
clearly lower in Group V. Of note, there were no instances of
postoperative stability failure.
None of the patients in our cohort experienced loss of reduction
during follow-up. This is consistent our suggestion that the plate
should be placed on the side of initial displacement as a support to
antagonize the direction of original displacement. For fracture linesGroup III (n ¼ 11) Group IV (n ¼ 12) Group V (n ¼ 14) P value
10.0 (8.0, 11.0) 11.5 (9.5, 12.5) 13.5 (10.0, 14.0) 0.397
0.013a
11 (100.0) 12 (100.0) 10 (71.4)
0 (0.0) 0 (0.0) 4 (28.6)
0.023a
8 (72.7) 9 (75.0) 2 (14.3)
3 (27.3) 2 (16.7) 6 (42.9)
0 (0.0) 1 (8.3) 5 (35.7)
0 (0.0) 0 (0.0) 1 (7.1)
4.0 (3.0, 4.0) 3.0 (3.0, 4.0)c 6.0 (5.0, 6.0)b,d,e <0.001a
96.0 (90.0, 96.0)c 95.0 (90.0, 100.0)c 83.0 (73.0, 86.0)d,e <0.001a
screw.
by KruskaleWallis test, whereas categorical variables are presented as count (per-
Table 3
Summary of complications experienced by participants in the different groups.
Group I
(n ¼ 17)
Group II
(n ¼ 15)
Group III
(n ¼ 11)
Group IV
(n ¼ 12)
Group V
(n ¼ 14)
Wound breakdown 2 (11.8) 4 (26.7) 0 (0.0) 1 (8.3) 4 (28.6)
Skin necrosis 0 (0.0) 1 (6.7) 0 (0.0) 0 (0.0) 1 (7.1)
Nerve palsy 0 (0.0) 0 (0.0) 0 (0.0) 2 (16.7) 1 (7.1)
Deep infection 0 (0.0) 2 (13.3) 0 (0.0) 0 (0.0) 1 (7.1)
Flap coverage 0 (0.0) 4 (26.7) 0 (0.0) 0 (0.0) 2 (14.3)
Nonunion at 8 months 0 (0.0) 1 (6.7) 0 (0.0) 0 (0.0) 1 (7.1)
Data are presented as count (percentage).
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the previously published suggestion that the plate should be placed
with the screw direction perpendicular to themain fracture line [9].
This study has a number of limitations, including the short
duration of follow-up, the relatively small number of participants,
and the lack of any control/comparator group. Further, the role of
combined force was not considered, although we did attempt to
account for variations in injury mechanism and fracture
characteristics.
In conclusion, the results of our study suggest that managing
pilon fractures based on ankle position at the time of the injury/
initial direction of fracture displacement may be an effective means
of optimizing surgical efﬁcacy and reducing complications. Further
research concerning the utility of this approach is warranted.
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